A survey we conducted suggests that the ingestion of veterinary drug residues in edible animal parts constitutes a potential health hazard for its consumers, including, specifically, the possibility of developing multidrug resistance, carcinogenicity, and disruption of intestinal normal microflora. The survey results indicated that antibiotics, parasitic drugs, anticoccidial, or nonsteroidal anti-inflammatory drugs (NSAIDs) are broadly used, and this use in livestock is associated with the appearance of residues in various animal products such as milk, meat, and eggs. We observed that different cooking procedures, heating temperatures, storage times, fermentation, and pH have the potential to decrease drug residues in animal products. Several studies have reported the use of thermal treatments and sterilization to decrease the quantity of antibiotics such as tetracycline, oxytetracycline, macrolides, and sulfonamides, in animal products. Fermentation treatments also decreased levels of penicillin and pesticides such as dimethoate, malathion, Dichlorodiphenyldichloroethylene, and lindane. pH, known to influence decreases in cloxacillin and oxacillin levels, reportedly enhanced the dissolution of antimicrobial drug residues. Pressure cooking also reduced aldrin, dieldrin, and endosulfan in animal products. Therefore, this review provides updated information on the control of drug residues in animal products, which is of significance to veterinarians, livestock producers, and consumer health.
Table 1. Stability of veterinary drug residues of animal origin

Veterinary drugs
Residue stability References Antibacterial Aminoglycosides -Neomycin and streptomycin are stable in milk with approximately 40% reduced by boiling. Laszlo et al., 2018 -Gentamicin residues are stable in chicken muscle. Li et al., 2017 Amphenicols -Florfenicol is heat-labile in eggs and degraded (approximately 78%) via frying and boiling. Filazi et al., 2015 -Thermal treatment of meat degraded thiamphenicol by approximately 66%-82% in meat. Franje et al., 2010 Lactams -Cloxacillin is the most heat-stable in milk and degraded by <10% after boiling. -Ampicillin was degraded by roughly 25% in milk during boiling and penicillin-G reduced by >40%. -Cephalexin reduced by approximately 40% in milk post thermal treatment. Laszlo et al., 2018 Quinolones -Quinolone residues in milk were degraded by <10% when stored at 20℃.
-Quinolones are very stable during thermal procedures and decreased by only 10% in milk. Rozanska and Osek, 2013 -Ciprofloxacin and norfloxacin were decreased by 12.71% and 12.01%, respectively, during thermal treatment of milk. Roca et al., 2010 Sulfonamides -Sulfadiazine showed approximately 10% loss during milk boiling.
-Sulfonamide residues are stable in animal tissues when frozen. Laszlo et al., 2018 Tetracyclines -Pasteurization of milk decreased oxytetracycline and tetracycline residues by 40% and 30%, respectively. Kellnerova et al., 2015 Macrolides -Lincomycin and tylosin are more heat stable in milk. Heshmati, 2015 Adrenergic agonists
Clenbuterol -Clenbuterol has a tendency not to degrade during storage. Pinheiro et al., 2009 -Different cooking procedures have no net effect on clenbuterol residues in incurred tissues. Parr et al., 2016 Sedatives Azaperone and azaperol -Azaperone and azaperol residues are stable in pig kidney and liver under frozen conditions. Aoki et al., 2009 Antihelminthics Albendazole -During milk storage, albendazole's concentration was barely affected. Desmarchelier et al., 2018 Levamisole -Levamisole residues were decreased by 11% in fried muscle. Cooper et al., 2011 Rafoxanide -Decreased by only 17%-18% in cooked muscle.
Carbadox
-Carbadox was stable in muscle. Zhang et al., 2018 For instance, biotransformation of organochlorine pesticides into milk (via transfer of the absorbed active ingredient through the blood-milk barrier in the mammary gland) or measures for the prevention of pest infestation (spraying pesticide solutions on animals and their accommodation) contribute to bioaccumulation of persistent pesticides in animal-derived food (LeDoux, 2011) (Table 4 ).
Anticoccidials
Coccidiostats are compounds extensively used as additives or drugs for the prevention and treatment of livestock coccidiosis (Peek and Landman, 2011; Pura, 2013) . Specifically, these drugs are used to treat or control the disease caused by organisms of the genus Eimeria, known to damage the intestinal mucosa of the host animal (Zhao et al., 2018) . However, coccidiostats are also potent, causing residue accumulation in edible animal products and, consequently, posing serious health risks to the consumer (Kadykalo et al., 2018) . Animals have been shown to rapidly metabolize anticoccidials, leading to harmful consequences; for example, metabolism of dimetridazole causes the release of the main metabolite, 2hydroxydimetridazole, which accumulates highly in tissues and eggs (Mortier et al., 2005) . The incidence of anticoccidial residues in edible animal products is very common. For instance, in Northern Ireland, the detectable concentrations of lasalocid ranged from 1.5-19 µg/kg (Matus et al., 2016) . In the UK, eggs were monitored for the presence of different anticoccidials and proved positive for the corresponding residues such as robenidine (16 µg/kg), monensin (10 µg/kg), salinomycin (8 µg/kg), and lasalocid (129 µg/kg) (Mortier et al., 2005) (Table 5 ).
Nonsteroidal Anti-inflammatory Drugs (NSAIDs)
In veterinary practice, NSAIDs are widely used (singly or in combination with antibiotics) for treating inflammation, pain, respiratory diseases, fever, and musculoskeletal disorders (Gallo et al., 2010) . They are equally used for improving animal production, and their secondary pharmacological effects enhance meat quality. However, after administration, these drugs bind to plasma proteins, are absorbed and distributed through tissues and fluids, and excreted as glucuronic conjugates (Rocca et al., 2017) . NSAIDs are also frequently used for treating mastitis in pigs and milking cows, and the residues are excreted through milk (Jedziniak et al., 2012) . Therefore, only few NSAIDs are approved for use in dairy cows. In the EU, MRLs have been established in milk; flunixin (40 µg/kg), meloxicam (15 µg/kg), tolfenamic acid (50 µg/kg), metamizole (50 µg/kg), and diclofenac (0.1 µg/kg). Nevertheless, some of these residues such as meloxicam (15.2 µg/kg), tolfenamic acid (54 µg/kg), and diclofenac (0.13 µg/kg) have been shown to exceed the maximum limit (Jedziniak et al., 2012) . To maintain these residues within acceptable limits, they must be withheld with MRLs and legislation compliance adequately monitored (Table 6 ).
Decreasing Drug Residues in Animal Food Products
Proper drug use and good veterinary practices may lead to healthy and fresh edible animal products. However, the negative consequences of drug use, such as drug residues, continue to affect food; the levels of these residues sometimes exceed the limits of safe consumer levels. However, several drug-related factors such as drug formulation type, site, and route of administration, dose, and animal-related factors such as breed, age, sex, and body condition, have potential effects on the pharmacokinetics and drug residue levels in milk, meat, eggs, and other edible tissues (Moreno and Lanusse, 2017) . Drug residue concentration in tissues depends on the physicochemical properties of the drug, such as acidic or basic properties and lipid solubility, which regulate the passive diffusion of drugs through cell membranes. Highly lipid-soluble drugs readily enter the intra and extracellular tissue compartments through passive diffusion, whereas drugs with poor lipid solubility [195] [196] remain in the extracellular compartment (Lees and Toutain, 2012) . Drug transport modulation (such as several pharmacological approaches) delays bile or intestinal secretions, prolonging the macrocyclic lactone recycling time in the host, leading to transport protein (P-gp) efflux, which may be related to pharmacokinetic disposition and drug residue profiles (Lespine et al., 2012; Lifschitz et al., 2012) . When this occurs, P-gp modulating agents change tissue residue patterns (Lespine et al., 2008) .
Interestingly, drug administration through animal ears helps prevent drug residue accumulation in edible animal tissues (Brown, 2000) . However, most animal products are not consumed raw; hence, different heat treatments (pasteurization, sterilization, steaming, boiling, frying, or roasting) can cause drug residue loss through evaporation, co-distillation, and/or thermal degradation (Dordevic and Durovic-Pejcev, 2016 ). Furthermore, fermentation, different pH levels, and storage times also have a considerable impact on the reduction of drug residues in different edible products ( Table 7) .
Reduction of Drug Residues in Milk and Milk Products
Veterinary drug residues in milk remain a paramount concern to farmers, processors, milk regulatory agencies, and consumers because milk is widely consumed by people of all ages (Shaker and Elsharkawy, 2015) . Veterinary drugs are broadly used to treat several cattle diseases or increase milk production. Consequently, drug residues are accumulated and secreted alongside milk (Han et al., 2015) . However, before consumption, a majority of animal products undergo thermal treatment that leads to water loss, fat degradation, and protein denaturation, as well as an altered pH, which helps change drug residue quantity and chemical structure and, hence, the pharmacological and toxicological effects (Hsieh et al., 2011) . For instance, heating milk via pasteurization, ultra-heat treatment (UHT), or sterilization, helps decrease drug residues in milk.
The UHT, was shown to decrease oxytetracycline and tetracycline concentrations by >40% and 30%, respectively, and the sterilization process degraded tetracycline in milk by approximately 98% (Kellnerova et al., 2015) . Furthermore, thermal treatment degrades macrolides in milk by approximately 93% and is mostly responsible for erythromycin susceptibility (Zorraquino et al., 2011) . A majority of aminoglycosides are very unstable in milk, when boiled at 120℃ for 20 min, leading to elimination of approximately 95% aminoglycoside residues (Zorraquino et al., 2009 ).
During yoghurt production by heat treatment, precipitated proteins promote reduction of penicillin residues, and lactic acid slightly helps degrade cloxacillin, oxacillin, dicloxacillin, and nafcillin (Grunwald and Petz, 2003) . Furthermore, yogurt cultures and low pH affect the decrease in drug residue concentration by occlusion in the coagulated protein matrix, decomposition, adsorption, and covalent binding to the proteins. During lactic acid-induced milk coagulation (pH 4), penillic acid concentration was shown to increase to 60%-90% and the residues comprised intact penicillin and penillic acid. At lower pH values (pH 2), further degradation occurred and unidentified products were observed after totaling penicillin G and penillic acid. It was also reported that heat treatment (pasteurization and sterilization) and fermentation helped to decrease organophosphorus pesticide residues in yoghurt (Zhang et al., 2006) . Pasteurization helped to degrade pesticide dimethoate by as much as 73.42%, and, by fermentation, dimethoate and malathion concentrations decreased by 86.50% and 97.17%, respectively (Abd-Rabo et al., 2016). Moreover, when two starter cultures were added during yoghurt preparation, dimethoate, fenthion, and trichlorfon concentrations readily decreased (Regueiro et al., 2015) . -Altered pH: lactic acid (pH 4) at room temperature reduced cloxacillin and oxacillin residues by 20%-25%.
Reduction of Drug Residues in Eggs
When drugs are administered to laying hens, their metabolites may accumulate as residues in egg components (yolk and albumen) (EC-European Commission, 2012). These drugs are absorbed in the intestine, carried through blood/plasma to the ovary, and deposited in the inner yolk to the magnum of the oviduct for accumulation in the albumen, uterus, and the oviduct;
and finally, during plumping of the eggs, drug residues are accumulated in the eggs (Donoghue and Myers, 2000) . Drugs that quickly disappear from the body of the laying hen are also excreted rapidly from the egg component a few days postwithdrawal or treatment termination. Moreover, the biological half-life (drug residues reducing time) of the used drug is essential for drug residue clearance from egg components (Goetting et al., 2011) .
Raw eggs are usually not consumed, unless refrigerated and subjected to heat. Heat treatment promotes dehydration, protein denaturation, and pH changes that can help reduce residue quantity, chemical formulation, as well as alter residue solubility. Consequently, frying and boiling eggs reduced the concentration of enrofloxacin and tetracycline residues by 69% and 58%, and 52% and 47%, respectively (Fath El-Bab, 2012). Furthermore, the residues of antimicrobials such as ciprofloxacin, enrofloxacin, and chlortetracycline, were reduced after eggs were boiled at 100℃ for 15 min, by approximately 87%, 93%, and 61%, respectively (Alaboudi et al., 2013) . However, chlorinated pesticides can diffuse into laying hens via feed, leading to residue excretion in eggs (Hashemy-Tonkabony and Mossofian, 1979) . Effects of hard boiling and scrambling decreased the residue of chlorpyriphos in egg yolks by 38% (Bajwa and Sandhu, 2014) . Adoption of best management practices in the poultry farms, feed quality monitoring, and breeding in confined areas can help decrease pesticide residues in eggs . However, pH may differ in the albumen and yolk of fresh eggs (albumen; 7.6-7.9, yolk; 6.0), resulting to fading drug capabilities (Kan and Petz, 2000) . High pH increases the fading capabilities of drugs with a naturally low pH value. For instance, the pH value of chlortetracycline is 2.3-3.3; hence, it has a relatively high binding affinity to the alkaline albumen than the acidic egg yolk (Alaboudi et al., 2013) .
Egg refrigeration and storage also contributes to reducing antimicrobial residues in eggs. For instance, enrofloxacin and ciprofloxacin in eggs showed instability as refrigeration time increased, resulting in a 44%-50% reduction after 4 weeks of storage. Eggs refrigerated at 10℃ for 4 weeks led to a decrease in the concentration of sulfanilamide and chlortetracycline residues by 44%-49% and 20%-22%, respectively (Alaboudi et al., 2013) .
Mycotoxins such as aflatoxins and zearalenone are carried over in eggs; prolonged exposure in laying hens may result in residue deposition in eggs. Incorporating the Bacillus subtilis biodegradation products in the diet may decrease aflatoxins residue levels, causing specific toxin biotransformation and aiding inhibition of toxin absorption via the gastrointestinal tract;
hence, decreasing the toxin residues in eggs (Jia et al., 2016) . However, heating milk and dairy products with this quantity of aflatoxins M1 (AFM1) is obscure, and some treatments such as pasteurization and sterilization have very little effects on their concentration in the processed animal product. Conversely, milk processing such as evaporation, concentration, or drying, largely affect AFM1 concentration (Flores-Flores et al., 2015) .
Summary
-Thermal treatments: reduced enrofloxacin and tetracycline residues by 52% and 47% and ciprofloxacin, enrofloxacin, and sulfanilamide residues by 87%, 93%, and 89%-91%, respectively, and chlorpyriphos residue by 38%.
-Storage: sulfanilamide reduced by 44%-49%, chlortetracycline by 20%-22%, and enrofloxacin and ciprofloxacin by 44%-50%.
-pH treatments: pH enhances the dissolution of antibiotic residues in egg components.
Reduction of Drug Residues in Meat
Uncontrolled usage of veterinary drugs and poor biosafety measures for drug withdrawal may result in drug residues, as well as decrease meat quality (Mehtabuddin et al., 2012) . A majority of meat and meat products may not be an obvious part of the human food chain but are frequently stored or processed. Before consuming raw edible animal products and byproducts, some heat treatment or cooking is required. These processes lead to protein denaturation, water and fat loss, and change in the pH, thus, help in altering residue concentration, chemical structure, or solubility.
Doxycycline residue concentrations have been shown to reduce after meat cooking, and residues were excreted from muscle tissues into cooking fluid (Javadi, 2011) . The biological activity of oxytetracycline, ampicillin, and chloramphenicol in beef also decreased by 12% to 50% after roasting at 50℃-90℃ for 20 min. Moreover, beef cooking contributed to a substantial decrease (35% to 94%) in oxytetracycline's net concentration (Gratacos-Cubarsí et al., 2007) . Different cooking methods with different pH levels have a potential reduction effect on oxytetracycline. For instance, the muscle concentration of oxytetracycline was significantly reduced after roasting and boiling by 53.6% and 69.6%, respectively, and roasting, microwaving, and boiling at pH 6.0 and 7.2, decreased oxytetracycline levels by 34.3%, 53.2%, and 67.7%, respectively (Vivienne et al., 2018) . In chicken and pork, different thermal treatments have potent degradation effects on oxytetracycline and produce oxytetracycline degradation products. Residual concentrations of oxytetracycline degrade as the sum of the corresponding epimeric forms (OTCs=OTC+4epi-OTC and apo-OTCs=α-apo-OTC+β-apo-OTC). After tissue thermal treatment, the concentrations of apo-OTCs increased whereas the OTC residues decreased . Therefore, the four epimers and anhydro forms of tetracycline may degrade under different conditions. The pathways associated with degradation of different tetracycline isoforms are mainly pH dependent, with the degradation of 4eTCs and anhydro-TCs being favored in dilute acidic medium, whereas in strong acidic medium, anhydro-TCs get cleaved and lactonized to generate apo derivatives (Xuan et al., 2009) . Chicken meat boiling and roasting for 12 min decreased sulfonamide residues by 45%-61% and 38%-40%, respectively (Furusawa and Hanabusa, 2002) .
pressure cooking accelerate pesticide degradation (aldrin; 93.75%, dieldrin; 93.77%, and endosulfan; 78.70%) in beef (Singh, 2017) . Chemical and biological degradation occur during fermentation, and help decrease pesticide levels significantly (Azizi, 2011) . For instance, the pesticide residues of DDT and lindane were reduced by approximately 10% and 18%, respectively, 72 h post-fermentation in fermented sausage (Abou-Arab, 2002) . However, thermal treatment also helped to reduce antihelmintic residues: nitroxynil, by 78% and 96% in fried and roasted muscle; levamisole, by 11% and 42% in fried muscle and liver; rafoxanide, by 17% and 18% in fried and roasted muscle; and triclabendazole, by 23% and 47% in fried liver and roasted muscle, respectively (Cooper et al., 2011) .
Summary
-Thermal treatments: oxytetracycline, ampicillin, and chloramphenicol residues were decreased by 12%-50%, sulfonamide residues by 45%-61%, and antihelmintic residues by 11%-96%.
-Pressure cooking: aldrin, dieldrin, and endosulfan were reduced by 79%-94%.
-Fermentation treatments: DDT was reduced by 10% and lindane by 18%.
Conclusion
The use of veterinary drugs for disease prevention or treatment and/or production enhancement, leads to residue accumulation in animal products. Drug residues in animal products are influenced by many factors such as the physicochemical properties of drugs, biological processes of animals, and their products. These residues can cause significant public health hazards such as hypersensitivity reactions, cancer, mutagenicity, reproduction challenges, bacterial resistance, and disruption of intestinal normal flora. Therefore, it is the responsibility of veterinarians and livestock producers to observe the relevant drug withdrawal period before animal slaughter and ensure that undesirable residues do not accumulate in edible products. Veterinarians should be updated with the latest information, to create awareness among producers and employees, as well as the general public. Moreover, avoiding unapproved or illegal drugs and practicing proper drug use and best farm and livestock management can lead to the control of drug residues. Moreover, different cooking conditions (temperature and time), fermentation, and pH, play a major role in decreasing veterinary drug residues. Generally, cooking and other processes do not ensure full drug residue degradation, but can contribute to a marked decrease in concentration. Although some veterinary drug residues are reduced and degraded by processing, it is essential to perform toxicology experiments to monitor the potential adverse effects of drug residues on consumer health.
